Electrophysiological characterization of human Na⁺/taurocholate cotransporting polypeptide (hNTCP) heterologously expressed in Xenopus laevis oocytes.
The Na(+)/taurocholate cotransporting polypeptide (NTCP) plays a major role in Na(+)-dependent bile acid uptake into hepatocytes. The purpose of the present study was to establish the heterologous expression of human NTCP (hNTCP) in Xenopus laevis oocytes and to elucidate whether the transport of bile acid via hNTCP is electrogenic using electrophysiological techniques. First, we evaluated the uptake of taurocholate (TCA) by hNTCP heterologously expressed in Xenopus oocytes utilizing [(3)H]-labeled TCA. The uptake of 1.2 μM TCA by cRNA-injected oocytes increased more than 100-fold compared to H2O-injected oocytes, indicating that hNTCP is robustly expressed in the oocytes. hNTCP-mediated transport of TCA is saturable with a Michaelis constant of 10.5 ± 2.9 μM. The Na(+)-activation kinetics describing the relationship between the concentration of Na(+) and the magnitude of the TCA uptake rate by hNTCP were sigmoidal with a Hill coefficient of 2.3 ± 0.4, indicating the involvement of more than one Na(+) in the transport process. Ntcp in primary cultured hepatocytes from rats exhibited similar Na(+)-activation kinetics of TCA uptake rate with a Hill coefficient of 1.9 ± 0.1, suggesting that hNTCP could be expressed properly in the oocytes and exhibit the electrogenic property of Na(+)-coupled TCA transport. The transport of TCA via hNTCP was subsequently determined in the oocytes by the inward currents induced via TCA uptake under voltage (-50 mV). Two hundred micromolar TCA induced significant inward currents that were entirely abolished by the substitution of Na(+) with N-methyl-d-glucamine (NMDG) in the perfusate, indicating that the TCA-induced currents were obligatorily dependent on the presence of Na(+). The TCA-induced currents were saturable, and the substrate concentration needed for half-maximal induction of the current was consistent with the Michaelis constant. Transportable substrates, such as rosuvastatin and fluvastatin, also induced currents. These results in the hNTCP heterologously expressed in Xenopus oocytes directly demonstrated that hNTCP is an electrogenic Na(+)-dependent transporter.